INTRODUCTION
Total Electron Content (TEC) is an important ionospheric parameter in determining the characteristics of radio signals in communications. The characteristic of TEC varies with solar activity, geographic location, as well as seasonal and diurnal variations. High latitude regions are directly affected by the entry of solar particles and energy and it has been observed that in the polar region, the ionosphere is highly irregular [1] . At high latitude, there are certain regions with enhanced ionisation known as pathes which are observed to drift antisunward across the polar cap at the time the Interplanetary Magnetic Field (IMF) is directed southward when IMF Bz component is negative, and also during quiet periods [2] . Perevalova et al. [3] showed that at high latitude, TEC exhibits its weakest diurnal variations where the amplitude of the diurnal variations in the southern and northern hemisphere varies from 2 TECU in winter and summer to 5-6 TECU in autumn and spring. At the northern hemisphere, the minimum TEC is observed at night during 0000 LT -0700 LT in winter and 0000 -0400LT in the other seasons. From the comparison, TEC at the equatorial is shown to be 5 -10 times higher than at high latitudes. The maximum TEC in winter and summer at high latitudes is around 1300 LT, which is similar to the equatorial region.
Equatorial anomaly plays a significant role in the changes of electron density at the equatorial region. The concentration of the electron density is lower at the magnetic equator because of the magnetic field. Studies of TEC behaviour at the equatorial region especially in Malaysia has begun since 1999 [4] . A month-long campaign at Fraser's Hill showed that the location near the magnetic equator had a low enhancement of the electron concentration [5] . Further analysis has been done by comparing the TEC at two different GPS stations, Sipitang (East of Malaysia) and Parit Raja (South of Malaysia). It was found that a high TEC was observed at Parit Raja compared to Sipitang. This is due to the location of Sipitang which is closer to the magnetic equator [6] .
In this paper, the investigation of TEC variations was done using data from GPS receiver station which was installed at Husafell, Iceland for a period of a year beginning from 24 January to 31 December 2009. The paper aims to investigate the similarities of the TEC characteristic at the high-latitude and equator latitude. Comparison of a one month period was carried out using TEC data obtained from GPS Ionospheric Scintillation and TEC Monitor (GISTM) which was installed at Universiti Kebangsaan Malaysia (UKM) with the aim of investigating the dynamic characteristics of TEC. The diurnal TEC variations and their parameters reflect the background ionization behaviour and can be used as reference for studying the ionosperic disturbances at individual stations and in particular regions.
II. TEC FROM GPS
TEC is a main parameter of the Earth's ionosphere which can be defined as
where n e represents the local electron density which varies along the signal path, s between receiver R and satellite S. TEC is measured in the so-called TEC units (TECU), where one TECU corresponds to 10 16 electron per meter square (10 16 e/m 2 ). The differential time delay on L1 and L2 of the GPS satellites have been applied to measure the TEC through the ionosphere between the satellite and a receiver on the ground. Accordingly, developments in the study of the GPS have given a wider opportunity to investigate ionospheric behaviour.
In this study, TEC was collected from two UKM stations located at Husafell (64 o 40′ N, -21 o 1′ E) and UKM (2 o 55′ N, 101
o 46′ E). GPS data from 2009 was used in this analysis; however, GPS data in September 2009 was used for comparison between the two stations. The data for Husafell is in the Receiver Independent Exchange Format (RINEX) format [7] . Precise Point Positioning (PPP) technique was used to generate TEC at the single station with the zero-difference technique for differencing level of choice [8] .
III. MEASUREMENT SETUP
The GPS system consists of several equipments. The GPS receiver at Husafell is set-up as a permanent GPS receiving station where it consists of a high-precision, 24-channel, dualfrequency GPS Leica 1200 receiver, a Leica AT504 chock-ring antenna and a notebook with Spider software for data logging. The GPS receiving station was installed in 2008. It is at a distance of about 135 km from Reykjavik, the capital city of Iceland. The GPS receiver was set to track GPS signals with a one-second sampling period and the cut off elevation angle was set to 15° to maintain the quality of the data. The aim of this GPS receiver is to fulfil the demand to have a simple low-cost system in ionospheric study over the Arctic region.
The GPS receiver at UKM consists of a GPS antenna, a Novatel GPS receiver and a personal computer (PC) for control and storage. The radio wave travelling through the ionospheric layer that contains ionized and electrons will experience a time delay. The radio signals from GPS on channels L1 (1575.42 MHz) and L2 (1227.6 MHz) will experience difference delays. TEC can be obtained from the ionospheric delay between the L1 and L2 signals.
IV. RESULT Figure 1 presents the diurnal variation of median TEC at Husafell for a low solar activity in 2009. From Figure 1 , median TEC at Husafell maximum in June is 9 TECU and minimum in December is 1 TECU. TEC was high in the summer solstice, followed by almost a similar value during summer (May to July). The lowest TEC was recorded during the winter solstice (December to January). This shows a clear activity of the Sun and also the zenith angle variation dependencies of TEC at the high latitude.
A. Yearly Variation of TEC at Husafell
Prikryl et al. [9] showed that high density of electrons, are observed during the summer months because of the increased solar intensity and diurnal variation maximizing around winter solstice which is a result of the offset of the magnetic and geographic poles. At high latitudes, TEC is mostly influenced by plasma patch and aurora. The maximum TEC during noon may be due to the highly structured cusp ionosphere by variable electric fields. During summer, TEC is expected to be high due to a tongue of ionization extending into the polar cap across the cusp where the plasma is structured [9] . Figure 2 shows the TEC plot of 1 September 2009 for Husafell and UKM station respectively. The GPS data are recorded in UTC time and the local time at UKM is UTC+8 hr while at Husafell is UTC+0 hr, where noon at UTC corresponds to night at UKM. The figure shows a clear diurnal variation of TEC at both stations. Figure 2 shows the clear peak of TEC during the post local noon for both stations where TEC at Husafell reaches maximum at 13:00 UTC with 7 TECU and UKM's maximum TEC is at 06:00 UTC (14:00 LT) with 13 TECU. TEC at UKM gradually decreases and reaches its minimum at 21:00 UTC (05:00 LT). A second enhancement was observed at UKM during early morning (06:00 LT -07:00 LT). Meanwhile at Husafell, a similar pattern was observed where TEC during the early morning gradually decreases and reaches its minimum at 04:00 LT and starts to increase at 05:00 LT. The observations show that TEC at UKM's equatorial station is approximately twice compared with TEC at Husafell station.
B. Comparsion of median TEC between Husafell and UKM station
Based on Rama Rao et al. [10] , in the equatorial ionization anomaly zone, the diurnal minimum in TEC occurs around 05:00 LT to 06:00 LT. This behavior of TEC at the equatorial ionization anomaly zone is due to the effects of plasma flow associated with the equatorial electrojet (EEJ) and the dynamics of the neutral winds.
The median TEC for Husafell is highest on 4 September with 6 TECU and no sunspot number, while it is 14 TECU for UKM station on 27 September with 11 sunspot number as shown in Figure 3 . For most of the days in September, the TEC for Husafell is 5 TECU while the lowest is 4 TECU. As observed from UKM station, the TEC ranges from 11 to 13 TECU from 16 to 26 September. The lowest TEC for UKM is on 4 September with 8 TECU. The sunspot number in September only occurs for 9 days with 32 for the maximum value and 11 for the minimum value. 
V. CONCLUSION
This paper investigates TEC measurement at GPS stations belonging to UKM installed at Husafell, Iceland in the highlatitude and UKM in the equatorial latitude. The variations of the Husafell station showed the increase of TEC in the month of February and its maximum in June. TEC decreased slowly in the month of July till the end of the year. The maximum TEC in June is 9 TECU and the lowest TEC is 1 TECU in December 2009. The TEC of Husafell is lower compared to TEC at UKM station because UKM station is located at the equatorial region. The maximum TEC over Husafell is 7 TECU at 13:00 UTC while for the UKM station, it is 13 TECU at 06:00 UTC (05:00 LT). Comparison between the 2 stations showed similarity with maximum TEC during the day where there is high solar activity with the sunspot number as an indicator. In September 2009, the two stations showed maximum TEC with high sunspot number. To conclude, analysis of TEC during geomagnetic events and high solar activity can give more knowledge of the two stations.
